Award  Number:  DAMD17-00-1-0370 


TITLE:  Telomere  DNA  Content,  Telomerase  and  c-Myc  Amplification 

in  Breast  Carcinoma 


PRINCIPAL  INVESTIGATOR:  Colleen  A.  Fordyce,  Ph.D. 

Jeffrey  K.  Griffith,  Ph.D. 


CONTRACTING  ORGANIZATION:  University  of  New  Mexico 

Albuquerque,  New  Mexico  87131 


REPORT  DATE:  July  2002 


TYPE  OF  REPORT:  Annual  Summary 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  074-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Daw's  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budqet,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  "*  RPPORT  TYPE  AND  DATFS  nnVFRFD 

July  2002  Annual  Summary  (4  Jun  01-3  Jun  02) 

4,  TITLE  AND  SUBTITLE 

Telomere  DNA  Content,  Telomerase  and  c-Myc  Amplification  in 
Breast  Carcinoma 

5.  FUNDING  NUMBERS 

DAMD17 - 00-1-0370 

6.  AUTHOR(S) 

Colleen  A.  Fordyce,  Ph.D. 

Jeffrey  K.  Griffith,  Ph.D. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  New  Mexico 

Albuquerque,  New  Mexico  87131 

E-Mail:  cfordyce©unm.edu 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

Report  contains  appendix 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Approved  for  Public  Release;  Distribution  Unlimited 


13.  ABSTRACT  (Maximum  200  Words) 

The  difference  between  metastatic  and  localized  breast  cancer  are  not  known.  However, 
genetic  instability  is  a  poor  prognostic  factor  in  many  types  of  cancer,  implying  that 
processes  that  lead  to  the  gain,  loss,  or  rearrangement  of  genomic  DNA  are  important  in 
the  evolution  of  cancer.  Telomeres  are  protein-DNA  Complexes  that  cap  the  ends  of  linear 
chromosomes,  protecting  them  from  degradation  and  fusion.  In  most  cells  a  number  of 
processes  lead  to  the  cumulative  reduction  of  telomere  length  and  cell  cycle  arrest.  Some 
cells,  including  cancer  progenitor  cells,  are  able  to  up  regulate  telomerase,  the  enzyme 
that  adds  telomere  repeats,  and  bypass  cell  cycle  arrest.  The  purpose  of  this  study  is  to 
determine  if  it  is  possible  to  differentiate  patients  with  aggressive  metastatic  breast 
carcinoma  from  those  with  a  less  aggressive  localized  disease  using  telomere  DNA  content 
as  a  prognostic  marker.  To  that  end  it  is  important  to  ascertain  what  effect  telomerase 
has  on  telomere  DNA  content.  Here  we  report  that  telomere  DNA  content  predicts  outcome  in 
breast  tumors  and  in  tumor-adjacent  normal  breast  tiddue  and  that  high  levels  of  hTERT 
mRNA  are  correlated  with  known  prognostic  markers  including:  tumor  grade,  S-phase,  pliody 
and  metastasis . 

14.  SUBJECT  TERMS  —  15.  NUMBER  OF  PAGES 

breast  cancer,  Telomeres,  Telomerase,  hTERT  mRNA,  genomic  instability,  c-Myc  _ 21  _ __ 

Prognostic  markers,  quantitative  RT-PCR,  slot  blot  telomere  DNA  content  analysis,  16.  PRICE  CODE 

recurrence,  survival _ _ _ _ _ 

17.  SECURITY  CLASSIFICATION  I  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 

OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified  Unlimited 

NSN  7540-01  -280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 

298-102 


Table  of  Contents 
Cover . 


1 


SF  298 . 

Table  of  Contents . . 

Introduction . 

Body . 

Key  Research  Accomplishments 

Reportable  Outcomes . 

Conclusions . 

References. . . 

Appendices........ . 


..2 

,3 

4 


,4-6 


.  7 

..8 

8 

.9 

10-27 


Introduction: 

The  genetic  differences  between  aggressive  metastatic  and  less  aggressive  localized  breast 
cancer  are  not  known.  However  genetic  instability  is  a  poor  prognostic  factor  in  many  types  of 
cancer,  including  breast  cancer,  implying  that  processes  that  lead  to  the  gain,  loss,  or 
rearrangement  of  genomic  DNA  are  important  in  the  evolution  of  cancer  (Duesberg  et  al,  1998). 
Telomeres  are  protein-DNA  complexes  that  cap  the  ends  of  linear  chromosomes,  protecting  them 
from  degradation  and  fusion  (Allsop  et  al,  1995;  Biessmann  and  Mason,  1992;  Blackburn  2000). 
A  number  of  processes,  both  stochastic  and  abrupt,  lead  to  the  cumulative  reduction  of  telomere 
length  and  ultimately  cell  cycle  arrest  or  apoptosis  (Allsop  et  al,  1995,  Blackburn  2000, 
Bissemann  and  Mason,  1992).  Some  cells,  including  cancer  progenitor  cells,  are  able  to  up 
regulate  telomerase,  the  enzyme  that  adds  telomere  repeats,  and  by  pass  cell  cycle  arrest. 
Interestingly,  telomerase  does  not  usually  lengthen  telomeres  in  cancer  cells;  instead  it  maintains 
them  at  the  length  when  telomerase  is  upregulated  (Blackburn,  2000;  Autexier  and  Greider, 

1996,  Blasco  et  al,  1996). 

The  purpose  of  this  study  was  to  gain  training  in  breast  cancer  research  by  determining  if  it  is 
possible  to  differentiate  patients  with  aggressive  metastatic  breast  carcinoma  from  those  with  a 
less  aggressive  localized  disease  using  telomere  DNA  content  as  a  prognostic  marker.  To  that 
end  it  was  important  to  ascertain  what  effect  telomerase  has  on  telomere  DNA  content. 
Elucidating  the  role  these  proteins  play  in  telomere  length  regulation  is  important  if  telomere 
DNA  content  is  to  be  used  as  a  prognostic  tool  and  to  further  understanding  of  the  mechanisms 
that  drive  carcinogenesis. 

Tasks: 

The  agreed  upon  tasks  to  be  completed  in  the  statement  of  work  were  as  follows: 

1 .  Perform  a  preliminary  retrospective  investigation  of  the  relationship  between  telomere 
DNA  content  and  outcome  in  breast  carcinoma. 

2.  Determine  the  relationship  between  telomere  DNA  content  and  c-myc  amplification. 

3 .  Determine  the  relationship  between  telomere  DNA  content  and  hTERT  expression  in 
breast  carcinoma. 

Progress  Relative  to  the  Statement  of  Work. 

Task  1:  A  study  population  of  62  women  diagnosed  with  breast  cancer  prior  to  1995  was 
identified  in  cooperation  with  the  New  Mexico  Tumor  Registry  (NMTR).  The  study  population 
was  selected  such  that  approximately  half  of  the  women  died  of  metastatic  breast  cancer, 
although  these  women  had  similar  prognostic  markers  at  the  time  of  diagnosis  as  the  control 
group  who  survived  eight  years  or  greater  without  signs  of  disease  recurrence.  Abstracted 
patient  files  were  reviewed  and  available  vital  statistics  were  recorded  including:  age  at 
diagnosis,  tumor  grade  and  size,  estrogen/progesterone  receptor  status,  treatment  and  length  of 
survival  or  date  and  cause  of  death.  Archival  paraffin-embedded  tumor  was  obtained  for  48 
women.  For  34  of  these  women  it  was  also  possible  to  obtain  genetically  matched  tumor- 
adjacent  normal  tissue. 

Tissue  type  and  tumor  grade  were  confirmed  histologically  by  Dr  Nancy  Joste,  Department  of 
Pathology,  University  of  New  Mexico  School  of  Medicine.  DNA  was  extracted  from  a  total  of 
96  paraffin-embedded  blocks  including  48  tumor  and  34  tumor-adjacent  normal  tissues  using  the 


Qiagen  Qiamp  Tissue  Kit  (Qiagen).  Purified  DNA  was  quantified  with  a  commercial 
fluorescence-based  DNA  detection  reagent  (Picogreen,  Molecular  Bioprobes,  Inc).  Telomere 
DNA  contents  (TC)  were  determined  using  a  slot  blot-based  approach  as  described  (Fordyce  et 
al,  in  press).  Briefly,  DNA  is  denatured,  fixed  to  a  nylon  membrane  and  probed  with  a  telomere 
specific  probe  end  labeled  with  fluorescein.  An  antibody  conjugated  to  alkaline  phosphatase 
detects  the  fluorescein  antigen.  Addition  of  the  substrate,  CDP-Star  (Applied  Biosystems) 
produces  light.  Blots  are  exposed  to  film,  and  the  digitized  images  are  quantitated  with 
Nucleotech  Gel  Expert  Software  4.0  (Nucleotech).  TC  in  tumor  and  tumor-adjacent  tissues  is 
expressed  as  fraction  of  the  placental  control  run  on  each  blot. 

We  analyzed  TC  in  a  total  of  48  breast  tumors,  comprising  two  overlapping  breast  study  groups. 
The  first  group  was  composed  of  paraffin-embedded  tumor  specimens  from  28  women.  These 
tumors  were  selected  so  as  to  have  a  mixture  of  positive  and  negative  prognostic  markers.  For 
example,  tumors  were  typically  estrogen  and  progesterone  receptor-positive,  but  also  large  with 
nodal  involvement.  Tumors  were  stratified  by  median  TC.  TC  was  not  associated  with  ethnicity, 
age  at  diagnosis,  tumor  size,  tumor  grade,  nodal  involvement  or  estrogen-  or  progesterone- 
receptor  status  (data  not  shown).  However,  as  shown  in  Figure  1  A,  reduced  TC  was  associated 
with  patients  who  developed  recurrent  breast  cancer  within  84  months  of  surgery  (p<0.01). 
Moreover,  Kaplan-Meier  analysis  demonstrated  that  telomere  DNA  content  was  associated  with 
clinical  outcome  (Figure  IB,  p=0.01).  The  relative  risk  of  breast  cancer  recurrence  was  nine 
times  greater  in  women  whose  tumors  had  TC  less  than  the  median.  To  confirm  and  extend  the 
observed  relationship  between  TC  and  clinical  outcome,  an  additional  20  randomly  selected 
patients  were  added  to  the  initial  study  group.  Consistent  with  our  preliminary  observation,  TC 
also  predicted  clinical  outcome  in  the  expanded  group  of  patients  whose  tumors’  characteristics 
were  more  diverse  (data  not  shown,  p=0.03.) 

In  addition  to  the  breast  tumors,  we  analyzed  TC  in  a  total  of  34  paired  tumor-adjacent  normal 
paraffin-embedded  breast  tissues.  Tumor-adjacent  normal  breast  tissues  were  stratified  by 
median  TC.  TC  of  the  tumor-adjacent  normal  tissue  was  not  associated  with  patients’  ethnicity, 
age  at  diagnosis,  tumor  size,  tumor  grade,  nodal  involvement  or  estrogen-  or  progesterone- 
receptor  status  (data  not  shown).  However,  remarkably,  as  shown  in  Figure  1C,  reduced  TC  was 
associated  with  patients  who  developed  recurrent  breast  cancer  within  84  months  of  surgery 
(p=0.005).  Moreover,  Kaplan-Meier  analysis  demonstrated  that  telomere  DNA  content  in  tumor- 
adjacent  normal  breast  was  associated  with  clinical  outcome  (Figure  ID,  p=0.001).  Collectively, 
these  findings  demonstrate  that  TC  is  an  informative  prognostic  marker  in  breast  tumors  and 
surprisingly  in  tumor-adjacent  normal  tissue,  and  that  changes  in  telomere  length  may  occur 
early  in  the  neoplastic  process,  even  prior  to  phenotypic  changes. 
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Figure  1:  Telomere 
DNA  Content  in 
Tumor  and  Tumor- 
Adjacent  Normal 
Breast  Tissue.  Data 
from  breast  tumors  are 
shown  in  panels  A  and 

B,  tumor-adjacent, 
genetically  matched 
normal  breast  tissues 
are  shown  in  panels  C 
and  D.  In  panels  A  and 

C,  breast  tissues  were 
divided  into  two 
groups,  recurrent  and 
disease-free,  based  on 
patient  outcome  84 
months  after  surgery.  P 
values  were  calculated 
by  Wilcoxon-Rank 
Sums  analysis.  Box 
plots  show  patients 
outcome  on  the  X-axis 
and  TC,  as  a  fraction  of 
the  placental  control,  on 
the  y-axis.  In  panels  B 
and  D  breast  tissues 
were  divided  into 


groups,  high  and  low,  based  on  median  TC.  TC  greater  than  or  equal  to  the  median  is  defined  as 
High  TC  and  TC  less  than  the  median  is  defined  as  Low  TC.  P  values  were  calculated  by 
Kaplan-Meier  analysis.  Plots  show  months  of  disease-free  survival  up  to  84  months  on  the  X- 
axis  and  surviving  fraction  on  the  y-axis. 


Task  2:  Initially  it  was  proposed  that  the  levels  of  c-myc  in  tumor  samples  would  be  analyzed 
by  quantitative  RT-PCR  Since  this  proposal  was  submitted  it  has  been  possible  to  utilize  Real 
Time  PCR  technology.  Real  time  PCR  is  more  sensitive  and  accurate  than  quantitative  RT-PCR 
It  was  not  possible  to  purify  RNA,  the  starting  component  of  real  time  PCR,  from  paraffin- 
embedded  archival  tissue;  therefore  a  second  study  population  was  identified.  Tissue  from  this 
second  group  was  stored  frozen  and  was  therefore  a  good  source  of  RNA.  The  second  study 
population  consisted  of  50  women  diagnosed  with  breast  cancer  prior  to  1993.  Tumor  tissues 
were  obtained  from  mastectomy,  lumpectomy  or  biopsy.  Because  it  was  necessary  to  use  only 
frozen  tissue,  the  members  in  the  second  study  population  were  not  matched  for  age,  specific 
type  of  breast  tumor,  tumor  grade,  age  at  diagnosis  estrogen  or  progesterone  receptor  status  or 
survival.  Dr.  Nancy  Joste  confirmed  tumor  grade  and  tissue  type. 


It  was  possible  to  obtain  RNA  and  DNA  from  37  of  the  frozen  breast  tissues.  RNA  was 
quantitated  using  absorbance  spectra.  DNA  was  quantitated  as  described  previously.  Although 
the  original  statement  of  work  included  an  analysis  of  c-myc  mRNA  levels  using  real  time  RT- 
PCR,  this  task  has  not  been  performed.  In  2000,  Bieche  and  coworkers  published  a  paper  in 
which  they  examined  the  relationship  between  hTERT  and  c-myc  mRNA  levels  and  several 
other  prognostic  markers  in  breast  cancer.  They  demonstrated  that  c-myc  mRNA  over 
expression  was  correlated  highest  levels  of  hTERT  mRNA  expression.  As  described  in  Task  3, 
we  found  that  high  hTERT  mRNA  levels  were  associated  with  several  tumor  markers  and  was 
consistent  with  the  data  reported  by  Bieche  (Bieche  et  al,  2000).  Thus,  analysis  of  c-myc  was 
not  performed. 


Task  3:  The  second  study  group  has  been  used  as  a  source  of  RNA  to  measure  the  levels  of 
hTERT  expression  in  breast  tumors.  Typically,  the  tumors  were  large  (>2  cm),  high  grade  (2  or 
3),  aneuploid  (73%),  metastatic  (56%)  infiltrating  ductal  carcinomas  (74%).  Levels  of  hTERT 
mRNA  were  measured  by  real-time  RT-PCR.  Levels  of  hTERT  ranged  from  0.00  to  22.42 
arbitrary  units,  and  differed  by  750-fold.  Only  the  smallest  in  the  study  (0.8  cm  in  largest 

dimension)  did  not  express  detectable  hTERT 
mRNA.  There  was  no  apparent  relationship 
between  hTERT  mRNA  level  and  telomere 
DNA  content  or  the  proportion  of 
contaminating  normal  cells. 

The  hTERT  mRNA  levels  in  the  37  tumors, 
grouped  by  the  characteristics  described  in 
Table  2,  were  analyzed  using  Wilcoxon  rank 
sum  analysis.  Levels  of  hTERT  mRNA  were 
greater  in  tumors  that  were  large  (p=0.012), 
mitotically  active  (p=0.024)  and  high  grade 
(p=0.033).  Most  importantly,  as  shown  in 
Figure  2,  the  tumors  expressing  the  highest 
levels  of  hTERT  mRNA  also  possessed  all  five 
negative  prognostic  markers  examined  in  this 
study;  large,  node-positive,  high  grade,  aneuploid  and  mitotically  active  (p=0.003). 


Figure  2:  hTERT  mRNA  Levels  in  Breast  Tumors  Tumors  which  possessed  all  five  negative 
characteristics:  large  size,  nodal  metastasis,  high  grade  (HI),  high  S-Phase  fraction  and  aneuploid 
(SLGPF)  also  expressed  the  highest  levels  of  hTERT  mRNA. 


Key  Research  Accomplishments. 

•  Identified  a  study  population,  half  of  whom  survived  greater  than  eight  years  without 
disease  recurrence  and  half  of  whom  died  from  metastatic  breast  cancer.  This  study 
population  had  similar  prognostic  markers  at  the  time  of  diagnosis. 

•  Purified  and  quantitated  genomic  DNA  from  tumor  normal  pairs  of  the  first  study 
population. 

•  Telomere  DNA  content  was  analyzed  in  48  tumors  and  34  tumor-adjacent  normal  tissues. 


•  Identified  a  second  study  population,  whose  tissues  have  been  frozen,  thus  preserving  the 
integrity  of  tumor  RNA. 

•  Developed  real  time  RT-PCR  assay  for  hTERT,  the  catalytic  subunit  of  telomerase. 

•  Purified  and  quantitated  genomic  DNA  and  RNA  from  tumor  tissues  from  the  second 
study  population. 

•  Completed  analysis  of  37  tumors  for  levels  of  hTERT  expression  using  real  time  RT- 
PCR  and  for  telomere  DNA  content  using  the  slot  blot  assay. 

Reportable  Outcomes: 

•  Two  databases  have  been  produced  that  contain  anonymous  patient  histories,  including 
age  at  diagnosis,  treatments,  tumor  grade,  estrogen  and  progesterone  receptor  status, 
tumor  size,  length  of  disease  free  survival  or  date  and  cause  of  death  and  diagnosis. 

•  DNA  and  RNA  banks  from  tumor  and  normal  breast  tissues  have  been  produced. 

•  Tissue  culture  cell  lines,  which  contain  the  hTERT  and  TBP  genes  that  are  used  as 
controls  for  real  time  PCR  have  been  produced. 

•  These  data  were  presented  at  the  FASEB  meeting  in  New  Orleans  in  April  of  2002. 

•  Manuscript:  “Chemiluminescent  Measurement  of  Telomere  DNA  Content  in  Biopsies”  is 
in  press  in  Biotechniques  (Appendix). 

•  Patent  application  is  pending  for  Chemiluminescent  Measurement  of  Telomere  DNA 
Content  in  Biopsies. 

•  Manuscript:  “Telomere  DNA  Content  Predicts  Clinical  Outcome  in  Breast  and  Prostate 
Cancer”  submitted  to  the  Journal  of  the  National  Cancer  Institute  (Appendix). 

•  Manuscript:  “hTERT  mRNA  Levels  are  Associated  with  Poor  Prognostic  Markers  in 
Breast  Cancer”  in  preparation. 

•  Colleen  Fordyce  has  been  supported  by  this  training  grant  and  earned  her  Ph  D.  in 
Biomedical  Sciences  in  May  of  2002.  She  has  gained  expertise  in  database  development, 
DNA  and  RNA  purification  from  archival  tissues,  slot  and  southern  blots  and  real  time 
RT-PCR  methodologies. 

Conclusions: 

•  Telomere  DNA  content  is  a  novel  and  independent  prognostic  marker  in  breast  tumors 
and  tumor-adjacent  normal  tissue.  These  data  imply  that  changes  in  telomere  length  may 
occur  early  in  the  neoplastic  process,  even  prior  to  phenotypic  changes. 

•  hTERT  levels  correlate  with  several  known  prognostic  markers  including:  tumor  grade, 
ploidy,  %  of  cells  in  S-phase,  and  metastasis  effectively  identifying  the  subset  of  tumors 
with  the  worst  prognostic  markers.  Therefore  hTERT  may  be  a  “meta-prognostic 
marker”  and  could  be  used  to  identify  the  most  aggressive  tumors. 
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INTRODIKTION 

Tel; -meres  are  mirlcoprofcin  com- 
p?c\cs  that  profoef  (ho.  o1*ch>\mio 
somes  fr<s>‘;  fusior-  gml 
( _3A,fj.l  ( .rT.).  Bf'rnusr  tctomcroh  are 
shcrk:-:i<*d  each  Umc  a  cell  divides  f!,3, 
1  U  5),  lo:«tu*culis  typically  luivc  hJjorl- 
er  lelontercs  fh:.n  paired  norma?  col!:-. 
(  h.\6J6).  RednoO'-i  icU  mere  Df\V\  con 
Lent  <csr lonjgfli 1  has  been  is^CfCiuteci  ^'ith 
arutnpjoidy.  lmolastasis.  gnu  to,  disease 
recurrence,  and  survival  (2,-4,3.7- 
10,15,14,17).  To  validate  the  potent iai 
prognostic  sipniilestncc  of  telomere 
I3KA  eeiiteoi.  ii  Ik  by  n-eiiorv 

lidnr  iivrr-  HMA  coreeni  in  relevant  clini  ¬ 
cal  specimens,  paiiieuheiy  in  biopsies. 

We  previous!)  described  a  slot  b!oi 
frioduid  for  men  Miring  tolonerc  DA  A 
content,  a  proxy  for  telomere  length  (5). 
In  contract  to  the  eornmoidy  used 
Sfsuthem  bjotiine  method  of'mensivnns, 
termijud  telomere  ivslnViinn  fmei nerds 
(]J0J3d6).  ihc  slot  No!  assay  required 
less  ihan  0.1  uc  genomic  DN A  and  was 
in  sensitive  to  DN-\  hrenkued  fhj.  Nev¬ 
ertheless.  <A  lurked  the  sensitivity  re 
quired  for  use  with  biopsy  specimens 
and  rv: tv ro dissected  or  other  very  seasv 
I  issues  took  3  -B  days  lr>  complete  and 
relied  on  hyhvidiynlion  of «  second  cat 
Ironvmv  spceiiic  oliyormcleobde  to  nor 
ro/di/e  for  DNA  qntmlity/loud  and. reac¬ 
tivity.  {ft  addition  to  these  linnhuions, 

the  eflfeh-  of  formalin  fixation  and  nor¬ 
mal  ccl!  contaminaTion  in  tumoTH  were 
unknown.  These  factors  limit  the  poten¬ 
tial  clinical  utility  of  the  slot  blot  assay 
for  use  with  biopsy  specimen7 

To  address  these  iimitaiions,  we  de¬ 
veloped  a  m*vv  rh.emihinvinescTm  assay 
ior  meuxttdng  teloroerr  DNA  content 


that  b.  both  more  senstlivc  and  las  ter 
than  previous  methods.  We  a.! so  tested 
the  assay's  snflnhi iiiy  far  use  with  DNA 
purified  from  forniiiiin-fUcc!  usaite  and 
adiBb.mrcs.  of  norma?  and  t«mor  cells. 


.VIAT’DKIA.IjS  AND  W.'mons 

DNA  Isolation 

f>N ;\  was  purified  from  imucm  pin- 
cndnl  bssiin  and  ensured  Hut. a  cells  as 
previously  dtsc-ribwl  f 5 '] ..  Wasiy  lVvv.cn 
hwrnjin  prostate  tissue  was  oHained 
from  t he  University  of  New  Mexico 
Solid  Tumor  Fad  lily.  Sham.-neodh: 
biopsies  were  produced  froiii  the  frozen 
prostate  tissue-  using  a  2-cot -long,  IK- 
gaugc  needle  core..  Pieces  (0,2-0.'*  el  \n 
hunuut  place  oral  tissue  v/erc  ?u(»mergcd 
in  formalin  /Sigma,  St,  l.-ouN,  MO, 
USA)  for  0,  !5,W30t  A0,  120,  24<l  and 
4K0  rain  at  room  temparairiv.  T he  tis¬ 
sue  v^as  washed  twice  in  30  nil  PBS 
(Sigma?  to  remove  any  red  dual  forma¬ 
lin  before  DNA  puriffc;nmo.  DNA  was 
purified  from  sliam-ncridfe  core  biop¬ 
sies  and  jbiTna tin-treated  plaocula  using 
ihc  DNA  easy  Kit  and.  the  manbfachJi* 
er's  piutocol  (Qsau,CJh  Valencui.  CA, 
USA.).  Tii-e  average  yield  of  DNA  front 
u  2-em-  long,  1 8 -gauge  .frozdrii  needle 
core  was  1  SO  ng  [v  0;  J5l)  ue  so),  The 
DNA  yield  was  mol  af looted  by  forma- 
J  in  ft  x  ut«  >n .  A  reh  i  vul  para  fh  n  -  r:  mho  ti¬ 
tled  prostatectomy  tUuici  was  obudned 
from  the  New  Mexico  Tumor  Registry 
us  approved  by  the  Roman  ResCatfdi 
Review  (.onimittec  of  the  UniveNity  of 
New  Mexico.  DMA  was  pan  lied  Irom 
ardtiviil  paoiffin-cmboddecl  tissue  as 
described  abr;vc. 


Quatil ification  of  DNA 


P la ccn  t  ?u  He l  .a ,  slut  m .. r* eed  i  e  core 
bmps y.  and  jwaffin-nmlbevUled  prosta¬ 
tectomy  T)NAs  were  (man  filmed  with 
l, he  fluorescein  dye.  PieoGreen0^'  (Mol¬ 
ecular  Probes.  Husain.  OR.  USA),  us¬ 
ing  a  commercially  available  human 
g e iK  >n lie  ’DNA.  pun  ft eel  from  peri phe ra I 
blood  lymphocytes  (Promeiia.,  Madi¬ 
son,  Wk  USA)  ns  3  standardised  con 
troV  PieoGvcon  was  added  to  both,  the 
standard  and  purified  DMAs  and  excit¬ 
ed  at  480  mm,  according  to  Oic  rminu- 
lac! u rcr’s  instructions .  10 uorescenee 
emission  intensities  were  measured  at 
520  mu  using  u  Luminescence  Spec¬ 
trometer  LS50  (Perkin  1  timer  Life  Sci¬ 
ences,  Gaithersburg.  MD,  1  LS  A f,  Lon~ 
cenmuions  of  the  DNA  samples  were 
calculated  from  the  equation  dr  sen  bine; 
liie  best  lit  line  generated  with,  the  stan¬ 
dard  i/vd  control  DNA. 


Preparation  and  UvbridDrdfori  of 
Slot  Idols 

Slot  hlou  were  prepared  as  previ¬ 
ously  described  (5).  with  the  following 
.modifications.  DNA  was  applied  to 
Tropilon  Phvs‘!A:  membranes  (Tropix, 
Bedford.  MA,  USA),  air- dried,  and 
cross-linked  with  .1200  nil  fUVP.  San 
<iabiit:h  (‘A.  USA).  Following  cross 
Vi  liking,  each  blot  was  submerged  in 
0.25  M  sodium  phosphate  buffer,  pH 
7,2.  latch  blot  was  prohjbrized  in  a 
200-  ml.  glass  hybridism  km  bottle 
(JieHeo  Glass,  Vineland.  ML  USA)  for 
1  h  at  60f,C  in  50  ml  -  hybridisation 
buffer  (7L<  SDS.  0.25  M  sodium  phos¬ 
phate  buffer.  pH  7.2,  0.001  M  PJ>TA). 
Lot  lowing  nirhybrkii/adoTL  flic  buffer 
was  replaced  with  50  ml.  fresh  hy- 
bndi/.ntiou  solution  containing  3(50 
pmol  telomere- specific  fluorescein  3'-- 
end  labeled  probe  f 5 '~1  TAGCK  j- 3' 
(IDT,  Coral vl'Ue,  IA ,  USA).  Pack  blot 
wa;-  hybridized  at  6£),JC  for  a  minimum 
of  12  h  and  a  maximum  of  16  h.  Fol¬ 
lowing  hybridization,  the  blot  was 
washed  twice  at  room  temperature  for 
5  min  in  30  ml.  2y  SSC  and  1 G  SDS 
The  initial  wash  was  followed  by  two 
higli-lemperalnrr’  washes  at  60T  for 
15  m in  irt  30  ml,  preheated  ]  >.;  SSC 
and  SDS.  Finally.  the  blot  was 
washed  twice  at  room  t  cm  pend  u  re  for 
5  min  in  30  ml.,  lx  SSC.  AH  washes 


were  performed  in  glass  hybridization 
boltle-  with  constant  agitation  in  an 
AutoBloi  Hybridisation  Oven  fBellco 
Class)- 

Detection  and  Quantification  of 
Telomere  DMA 

After  hy  brkli/.afiorp  telomere  DNA 
was  quant  da  tod  using  the  .Southern 
StarrM  Che  rnihi  mine  scent  Kit,  as  de¬ 
scribed  by  the  supplier  LfmpN).  The 
blots  were  equilibrated  for  5  min  in  two 
successive  20- mL  washes  of  bloekins: 
buffer  (PIPS,  1%  k-bMek  reagent  (Tro 
pis'),  and  0.1  G  Tween*’  20  i Sigma) j. 
Harh  blot  was  titer;  incubated  separate¬ 
ly  for  45  min  in  30  mL  blocking  buffer 
at  room  temperature  with  constant  agi¬ 
tation,  The  blocking  buffer  was  dis¬ 
carded  and  replaced,  with  50  mL  block¬ 
ing  buffer  ctmUtining  2  pi,  alkaline 
phosph it ia se-con jij ga ted.  ant i -flu o re s  - 
coin  antibody  (Tropes  k  The  b.lol  was 
incubated  for  30  min  at  room  tempera¬ 
ture  with  constant  agitation,  washed  in 
30  mL  fresh  blocking  buffer,  and  then 
washed  three  times  for  5  min  at  room 
temperature  in  30  mL  wash  buffer 
(PBS  and  0.1  G  Tween  20)  with  con¬ 
stant  ap  it  id  ion. 

The  pH  of  the  blot  was  optimized 
for  alkaline  phosphatase  ucilvity  by  in 
euba ling  the  blot  twice  for  two  min  in 
20  ml.  )x  assay  buffer  (Tropix).  The 
surface  of  the  blot  was  completely  cov¬ 
ered  with  approximately  4  mk.  CDP- 
Star*-"’  Chemi  luminescent  Substrate 
(Tropic  and  incubated  for  5  ruin  at 
room  tempera  lure  (Figure  J.  A).  Follow 
ing  incubation.  CDP-Star  was  wicked 
away,  and  the  blot  was  sealed  in  a  plas¬ 
tic  bag  and  exposed  to  Hyper  film 
(Amcrehimi  Biosdcnec-s,  Little  dial 
font.  UK)  for  2  or  5  min. 

The  films  were  developed  using  a 
medical  film  processor  {model  QX--70; 
Koniea)  and  scanned  using  a  ScanJet 
ADF  (Ho-wlcll  Packard).  The  intensity 
of  the  telomere  hybLdi/uhon  signal 
was  determined  from  the  digitized  im¬ 
ages  with  the  Nueleotedi  Gel  Lx  pen 
Software  Lt)  (Nnclcotech,  San  Mateo, 
OA,  USA).  Telomere  content  was  de¬ 
tenu  mod  by  comparing  the  slope  of  the 
equation  generated  from  DNA  input 
versus  the  rrtofbc  signal  from  the  phi 
cental  standard  to  the  samples  at  known 
concenlrotion  (Figure  IB). 


RESULTS  AND  DISCUSSION 


Sensitivity  and  Specificity 

There  was  a  linear  relationship  fiC’ 
-0,98-99)  between  the  telomere  DMA 
eon  ton  l  and  inputs  of  5-120  tig  in  hie 
ns  an  genomic  DMAs  purified  from  pia 
cento.  ¥ld.  .a  cells,  and  peripheral  blood, 
lymphocytes.  Telomere  contents  m  the 
placenta  and  the  peripheral  blood  lym¬ 
phocyte  DNAs.  representative  of  nor¬ 
mal  somatic  coHs,  wax1  nearly  identical 
(slopes  ™  923  vs.  942,  respectively).  In 
contrast,  the  telomere  content  in  He  La 
DNA.  representative  of  luiuor  cells, 
was  significantly  decreased  (slope  ~ 
353)  (Figure  IB).  Te-lfnncrc  DNA  con¬ 
tents  in  genomic  DNA  isolated  from 
Hham-necdU:  core  biopsies  ranged 
<l8%-.100fiV.  of  the  place maf  control 
(Figure  1CT-  There  was  no  signal  when 
equivalent  amounts  of  a  non  specs  fie 
plasmid  DMA  (pf rTM'":;'-casy  vector: 
Pronvoga)  were  substituted  for  genomic 
DNA  in  the  assay  (data  no  I  shown). 

Teknnere  Contents  m  Admixtures 

Tumor  and  biopsy  specimens  typi¬ 
cally  com ui n  mixta  res  of  normal  cells 
and  tumor  cells,  whose  telomeres  differ 
in  length.  Tims,  the  observed  telomere 
content  of  such  a  specimen  reflects 
both  the  telomere  content  and  relative 
proportions  of  normal  and.  tumor  cells. 
The  observed  telomere  content  (TCa|:j,) 
can  be  expressed  quantitatively  by  the 
ibl  k>w  i  n  c  cqn  ati  on : 

Tr1>tv.  r:  m:N>CTN>  +  nct  k%t> 

[Hq-  n 

where  TC^  and  TCj-  are  the  tolornere 
cements  in  normal  and  turnor  cells,  re¬ 
spectively,  and  GN  and  LM"  are  the  per¬ 
centages  of  normal  and  tumor  cells  in 
the  specimen,  respectively.  Ideally,  the 
telomere  content  of  the  tumor  cells  in 
the  mixed  samples  could  be  calculated 
with  the  following  equation: 

(tct) = nx.ol),  -  {TCxxmvm) 

lF>i*  2] 

whrre'J'C,^,  TC^.  and  (FT  (defined  by 
histopat  hologiea  1  ex  a  m  in  at  i  on)  arc 
known.  To  validate  this  approach, 
telomere  contents  were  measured  in 
mixtures  containing  defined  proper- 

Bi^Vf j.'v.'Iioitjiy's,'  S 
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lions  of  BoL-a  col]  DNA.  mimicking  In  - 
mor  cells,  and  placental  DMA,  mimick- 
in.fi?  normal  cells  (Figure  2  b  I  here  was 
u  linear anO  prci'liclublcrehLiionshi^be  • 
tween  the  telomere  content  and  the  rel¬ 
ative  proportions  of  IlcLa  and  pDeercta 
DNA  it!  each  of  the  admixtures.  Identi¬ 
cal  results  were  obtained  when  telom¬ 
ere  contents  were  assayed  in  defined 
admixtures  containing  3D,  40.  50,  or  60 
no  total  genomic  DNA  (data  not 
shown;.  Tims,  the  contributions  of  the 
truncated  H el. .a  cell  telomeres  in  ad 
mixtures  containing  as  much  as  75'f 
normal  placenta?  DNA  can  be  defined. 

Telomere  DNA  Content  in  lormnlfn- 

Fl'XCCi  HivSlH? 

Is  is  not  uncommon  for  surgical  and 
biopsy  specimens  to  be  stored  in  for¬ 
malin  Tor  as  long  as  8  b  before  embed¬ 
ding  in  paraffin  To  determine  whether 
formalin  fixation  affected  die  reliability 
of  the  telomere  DNA  content  assay,  hit 
num  placenta  was  submerged  in  forma¬ 
lin  for  up  u>  8  h  at  room  temperature 
before  DNA  purification,  as  shown  in 
Pi  care  3.  Telomere  DNA  contents  mea¬ 
sured  in  genomic  DNA  isolated  from 
tissue  treated  with  formalin  were  not 
different  horn  the  untreated  control 
(slopes  768  st nd  8(14.  respectively). 
Telomere  DNA  con  ten?  could  a. No  be 
assayed  with  DNA  purified  from  parnf- 
h iv  embedded  nnchi val  prostatectomy 
specimens  (Figure  1  A  h 


CONCLUSION 

A 1  th  cm  g  h  I  ho  rep  or !  e  d  a  oc  i  fit  i  n  n  s 
between  reduced  talornerc  DNA  con¬ 
tent  and  several  prognostic  markers  of 
cancer  arc  provocative  (2.4.5, 7- HP 


1 3, 14,1 7),  prospective  investigations 
with  biopsy  materials  are  necessary  to 
establish  the  clinical  relevance  of 
telomere  DNA  content.  Such  iowwliga- 
lions  have  not  been  possible  with  exist- 
mg  methods.  Wc  have  developed  « 


Figure  b  Sensitivity  of  Idoiurrc  PNA  contnii  umny.  (.A)  fteprrsrfWThr  sh£  blot  showing  placcEjiftO, 
HcDuisiul  itvc  ;irdtd^L|Jii^fru:  cmbwHltril  prussic  tumm  ^inipVs.  Phu.vni:*  and  ttehii  DNA  ronerrnfra  - 
ramv  0  5(1  n.‘?.  and  lumor  DNA>  were  analysed  in  trip!  ieute  (one  replicate  for  sample  5  ei*  not 
dii;‘.vr ;  .ij  40  va\.  (  R;  Re  present;*’:,  he  duty  demons*!' jhntr  dihcrcatwE  tehvmeteDNA  contents  tn  rlormyl 
■wirnuac  diunssn  tymphoeyres  asul  fd.ieemri)  and  mmor  (MeUmvlK  The  slut  Mot  w»s  prepan-d 
iustt  ikNiriYsett  Iti  the  Xknerkvb  and  WethiXW  section.  (C>  Rqvrr -tentative  duty  tfonmnstniiins; 

{More ere  DNA  nxsvjrv:  in  sham-needle  erne  btop^iiw. .  Slopes,  x -in». erupts,  and  cruTeUniun  eociTietaiiis 
were  calculated  tv.  i \  near  regret  ioj . 


Figure  .X.  FfiVel  «!’ fWumlfn  l'mjk^iso-v  ott  l.doinere  content  avtay.  Hmivtn 
placenta  wyri  pb  rod  in  form;  Aw  for  fh-S  It.  ;rt  room  tempo  rat  are,  Telomere 
DNA  toru-oo.  were  rtnvvisred  in  ONA'ihur  w:rc  purifmd iVJottimi  tissue  treat- 
men1  ’with  ibnr.ujjm  fticrtlreul  renuta  were  obtained from  ail  tune  points,  wit! 
from  0  S'b  sliow?..  See  Figure  'I  legem-d  foi  iidrliiionul  details. 


Figure  2,  Tetanmn"  vrinicnK  in  $'1V\  arimixltfroo  Del  .a  arul  pAuviUn 

DNA*.  vaac  mixed  in  the  J’olUv.-.  pi  «  ipoo  ine  -,  6';*.  P5v:  ..ypH, .  7Sv?  ;>rd 

lOO'T 1  iei.a.  Delia  shown  ivprevnis  li-tamerv  ON  A  eon  at, I-:  mpusiVmd  f.r:  60 
mr  tola*  jicroreie  DNA  miAy/ed  m  triplicate.  'llietcervxfAm  hne  itre?  eom* 
hnhui  eueiTudem  wu/re  <. ah: u later?  in  Heme  I.  'I he  er^r  (pjrs  repr.^ert 
standard  deviation  of  ilio  «jo;ms. 


PdoTeehnir-nc1'; 
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eliej'tiilnrriincsc’cnt  for  telomere 
DNA  com  cm  thai  is  pardaihuly  wel! 
suited  Ion  fir:  sm:t  lysis  of  biopsy  or  mi- 
crodisstxted  specimens.  The  essay,  in- 
eluding  DNA  pure  Ileal  ion  and  quant*  ft  • 
cation,  can  be  completed  in  two  days 
and  requires  as  little  as  2-5  up  genomic 
DNA .  the  C4|*n valent  of  2K5—7 1 5  dipoi  - 
id  cells.  This  technique  is.  at  least  10 
times  more  sensitive  and  five  times 
faster  than  existing  methods.  In  addi¬ 
tion,  the  assay  is  unaffected  by  standard 
formalin  treatment  and  is  informative 
for  tumor  tissues  that  con  lain  up  io 
7.VX  normal  cells. 

h.  is  important  to  emphasise  that 
telomere  DNA  contents  determined  by 
this  method  reflect  the  average  tHom 
ere  consent  in  cells  comprising  the  sam¬ 
pler  111  docs  not  provide  information 
about  the  variability  of  the  telomere 
DNA  content  on  chromosomes  within 
or  anion  £  iiidtvkiimi  cells,  However, 
with  the  isssnyT  improved  sensitivity, 
telomere  DNA  content  could  be  mea¬ 
sured  in  miemdisseeted  or  flow -sorted 
tumor  celt  Mibpopulu lions. 

ack  nowdkdg  m  f.  n  ts 

We  are  indebted  to  our  colleagues, 
Or.  Nancy  Josie  from  the  University  of 
VeVv’  Mexico  Department  of  Pathology 
«nd  T>».  Lida  <*n«oks  from  ihe  Albu¬ 
querque  Regional  Arfivuiiitirnfinn  of 
Ve!er;ms  Affairs  Medical  C  ’emcr  Depart 
mem  of  Pathology  (Albuquerque..  NM. 
USA")  for  their  im  aluable  assistance. 


•  mw&mws 


J.AiK^pp.  It  XL  F.  Chuttu.  M. 

EX  Rojyirv,  MA.  ViMysv.rt,  JAV.  Shay,  and 
CJT  Hurley.  19^5.  Tcdft«;nv  shorted  up  e  :k- 
sri«‘iaU‘tl  Mth  sx'JKhvi'iiiKi  in  vittn  nn,d  in  vivo 

Hsp.  Cve  Ri.'v  A.Ki. 

i.Bt'chUr.  0.1*:.,  \V.  full.  VC  Iliibw. 

T.  fyiihr,  and  J,  Tir-df-r,  IONS.  Ichimcrefciisrh 

jiful  tckniTUi'-v  iii.ll*  hv  puxtiui  «;w(  vb  ;tt  in  pa 

dent's  w>0i  B  cell  iXrnnr  Ivmjsliix;y:k- 
leuKvtu j!i.  Cutu.vr  Res.  58:4"  IH  4912 . ' 
IRicssmaun.  ft,  find.lAl  VLam,  IW.  Cvimx 
ks  ana*  hiohipy  fit  asonvvi:*.  A<Jv. 

Ovnoi.XkDD  249. 

LlVunimcrtdftrf,  TJX,  ‘t-l ...  BrdyruAc,  N. 
ihdW-,  MX  Ifcirm-U,  M.  Scknl/vr,  CX 
I^jvc-v,  AX'.  r.au%  ttnil  KM.  baaolory. 
2UI!0.  Kiiufno-iiie  ffnpHc:jiji>7is.oC,ltnV:rc,nre,i  ?n 
Jdomrire  length  hr-iv.-cer  t!-.nu;;jl  ;u*H  mXrv:ni 
vests  fru-iu  {vadrnrs  vdui  cbionir  rsiyd-dd 
IcnJcciir’j  ntresnrvri  by  f.ow  sjtmitctiy.  BU::sd 


Vi.mS  Wt}. 

ABryimf,  .f.,  f\ .  Kill rhinos,  11.  AluvAs.  arid  ,1. 
CtiflUh.  jl.-U7.  McaMifcnscnt  i.>f  tiduunridc 
DN,\  uaneM  if;  intrnnr,  Bivdech/uque ; 

1X4  76  4sT 

Lines  T.  PK>5.  IvT  wwa.*  dynamics  atid 

y.».TittTTV  insi  ability  us  human  ciMUvrv  p.  261 
2‘X  Xtslorncrc*i  CSD  i.ah^rufory  pre^  s.  t  MId 
Spidi"  i  kjibar.  NY. 

7  Jknirtlrteon.  L.:  (!.  Forfhoc  F.  Ctillihmr).  A. 
Smith,  K.  FttWerst’D.  N.  14.  Mo>??v, 
and  ,1.  CiiHfljIb.  jW.  AsscviciHon  hetiveen 
e;iJb’omi?  ;»«d  tvloiucre  i)N!  \  Ci»iy.ei:t  m  {-mseer 
caii;s?r.  J.  Ifjfd.  M2-.17?S  17^2. 

S.OrifBlli,  T1-,  J-  C  Fordyvc.  E 

LilliUmd,  N.  Jostc,  and  H.  Atoy/.N.  LvV.  Kv 
ducixl  refivin^re  DNA  A  -.simdanvl  ividi 

j;enemk'-  in^f^bjjity  and  mebi-.vs-.L  in  inv.^ivi* 
tu-mur.  b*.  v.v-1.  c.f? vinenv!-.  Breast  Coiu^r  Rus. 
Irv.C  5-/AV  (VI- 

o.|-Jii  ;ish;min.T.,  T.K«f»fya,T.  NiUa.  X.  Taka 
UiS  Y'b  K»>b:ivn<;l.  V  NfcwjrL,  K.  Si, 

Takaf7a.cl  ;il.  "iKA,  PinyiKJsOc  si^niklcancc  t»f 
tfkfntLTic  n*pe:n.  tenet h  rdtvrauons  in  pashr.N"^:- 
jcti1  staev  itoR  sn“£iil  ceil  Itjite 

A ndrii,n-.;<T Rt* s.  26:2 IKl  2 J  tV 
lb.Miuima.  K..S.  Ishiokti.  Y.Sltimt»n?.  K.  Tnei, 
F.  I.  Mitrulcinii.  T.  Knbt.\  T.  I  tv- 

al.  I^Vk  Aiu'indcuv.  jn  ii  joau’nv  n* 
{vtiinF  in  i»iny  wtnrtr  ar<?  whh 

]*>■•.*>■  of  hcU;rozvftoii[v  in  pvt  «md  lib.  Onv^ 
vrrv 

i  1  D‘s>,  \LL.  UX.  AHsop.  R.A  Futchcr.  CW, 
{ ifvidfT.  and  C  Hartej.  TelsJtncrc  end 
rvptic-idcr  problem  ;<r,i  cell  ;iv4!ir.  J.  Mo!. 
Bs«d-2Z>:^l-%n. 

I  ItMinris*.  YMLi.LM.  l^S.  tYam. 

M.  j>am.  Lt.  ()*■»' pji.  MJA.  Jofif?:,  J, 
Mirvac,  fU.,  RsitlitT.  n»  «1.  jvks.  a 
conserved  reivfid*.  v  DNA  scqnoixc, 

n’lAnr.Gy.  prevent  a;  iL*  iflonirrcs  <N  ht< 
tMitr  ckwnvt^o)*!!*-.  IVor  M.at.  .Ai'mj].  Svi 
USA  (S4?h 

LYOda^irt  li„  bC.  KanrFc  Jilnki.  R.  Dcniu- 
ra,  E.  Afka\v;i,  and  R.  Perm  nr.  P)U-f,  Rcorc 
von  ■Xesonvrv  k^i?5h  and  e-pCn2  tivnf  a?  :*=}0  i 
\\\  Liman  vaiit^r,  3tbrn.id{:noii!a 

and  nynecorr  :r.t ia.  0«twr  7fC2,;.!?S  S 
W.nhyavhiki,  J.IT..  U.  hamii  N.  Yatuun,  K. 

Ando.  S.  Rrvnbi.  J.W.  Stun,  and  K. 
nhvashihi.  Fdtb',  ie*ou:srv  staldliij  b v 
qwertty  unpaired  in  Idah-rist:  puium  nf  nr 
uenv.  v.-irh  myirindv^ptasdv  yvnidf/imes1,  Ciiji. 
Cancel  Kev 5: 1115-1  ID). 

Ll.Oluvtiikm,  A.M.  1U7X  A  theory  of  fiiaryttvs 
ICtriy.  The  inc,ifrp!;*tv  vtypyinr  of  femphrin 
uur;‘ip  in  er^yinic  synthvNiv  of  iitu  ■ 
cLotldv-'-  ar-.:i;  latindiean^v  of  tl ,0 

pherofC  vi  i  o;t . .) ,  I  Tkiot.  Rkd .  4t :  IK  I  I  d- ) 
uesdiniiu  H..  N.  Klin.  H.  Zsmhb  and  IJ. 
Scbcrtium.  1n‘1!4.  Tolonv:r.v  imytl:  vanation  as'! 
no  mud  a  at]  «t.d;yr-am  hitman  iissitcrs.  Dcfu>:. 
rt.tomiKnnu-sCuni'-or  177 

!7.TaUw«Fii.  K..  S.  Mini,  M,  OluaW,  tmd  N. 
Kimiadii.  I1'’-?  I ,  'j  vlomvrv  ivdifciinin  of  spocrtV 
chionrcNoarc- 'ivaiivivatioi:  m  :ics,-lv  iiiv-rlory  lie 
iwkvifib  kipri.  J.  Car :tvr  Rv-:,  A5; \ ?j-  J  „iu, 

R ece i ved  26  Se  pte  mb  er  200 ’I ;  a  on  e  pt- 
ed  30  Jan  ua  ry  2002. 


Address  eorrL’SjiorttKm'fc-  to: 

Dr.  ivffrcy  GriOllf 

Jjrpar/rru'Hf  of  iikn'hn.^ixtry 
Moh'i  //|V>.V’£V 
8MSX249 

l<nh*crs  rry  of  Nr  sr  Afnu.fr<'?  School  of  Mrdirhw 
Mkwtefqttr,  A rM  87131  -3221..  ESA 
«.-■  m/’  fV;  .v.'?Ao7  «w?r,<'r/n 


BwTbctmiqiK^'.S 


Vivl.  .TVNn.  1  OfitYK 


Paper  Submitted:  Journal  of  the  National  Cancer  Institute 


Telomere  DNA  Content  Predicts  Clinical  Outcome  in  Breast  and  Prostate  Cancer 

Colleen  A.  Fordyce1,  Aroop  Mangalik2,  Nancy  E.  Joste3  and  Jeffrey  K.  Griffith1 

Departments  of  Biochemistry  and  Molecular  Biology1,  Internal  Medicine2  and  Pathology3 
University  of  New  Mexico  School  of  Medicine 

Key  words:  Telomere,  Prognosis,  Breast  Cancer,  Prostate  Cancer,  Genomic  Instability,  Outcome 


Corresponding  Author 
Jeffrey  K.  Griffith,  Ph  D. 

Department  of  Biochemistry  and  Molecular  Biology 

University  of  New  Mexico  School  of  Medicine 

BMSB  Room  249 

915  Camino  de  Salud 

Albuquerque,  New  Mexico  87131 

Phone:  505-272-3444 

Fax:  505-272-6587 

Email:  jkgriffith@salud.unm.edu 

ABSTRACT 

Background:  Telomeres  are  protein-DNA  complexes  that  stabilize  the  ends  of  chromosomes. 
Genomic  instability,  resulting  from  telomere  shortening,  creates  phenotypic  variability  that  may 
facilitate  the  progression  to  a  metastatic  phenotype.  Thus,  we  hypothesized  that  telomere  DNA 
content  would  predict  clinical  outcome  in  breast  and  prostate  cancer. 

Methods:  Telomere  DNA  content  was  measured  with  a  slot-blot  based  assay  developed  in  our 
laboratory.  Telomere  DNA  content  was  analyzed  in  48  breast  and  51  prostate  tumors  identified 
by  the  New  Mexico  Tumor  Registry.  Patient  histories  included  84-months  of  follow-up, 
ethnicity,  age  at  diagnosis,  tumor  grade  or  Gleason  sum  score,  nodal  involvement  and  several 
other  tumor  markers.  An  initial  breast  study  was  composed  of  28  matched  breast  tumors  from 
patients  whose  prognoses  were  ambiguous  at  diagnosis.  This  group  was  expanded  with  20 
randomly  selected  breast  cancer  patients.  Statistical  analysis  was  two-sided,  used  a  95% 
confidence  interval,  and  was  performed  with  the  Wilcoxon  Rank  sums  and  Kaplan-Meier  tests. 

Results:  In  the  initial  breast  study  population,  reduced  telomere  DNA  content  was  associated 
with  disease  recurrence  (p<0.01)  and  poor  clinical  outcome  (p=0.01).  These  results  were 
extended  in  the  expanded  breast  study;  reduced  telomere  DNA  content  was  again  associated  with 
poor  clinical  outcome  (p=0.03).  In  the  prostate  study,  reduced  telomere  DNA  content  was  also 
associated  with  disease  recurrence  (p=0.01)  and  poor  clinical  outcome  (p=0.04).  Telomere  DNA 
content  was  not  associated  with  any  of  several  tumor  markers  in  either  breast  or  prostate  cancer. 


Conclusions:  Telomere  DNA  content  has  potential  as  an  informative,  independent  prognostic 
marker  in  breast  and  prostate  cancer. 

INTRODUCTION 

Currently  available  prognostic  markers  often  fail  to  identify  patients  with  lethal,  metastatic 
tumors.  Nodal  involvement  and  either  high  tumor  grade  or  moderate  to  high  Gleason  sum  scores 
are  currently  the  most  informative  prognostic  markers  for  breast  and  prostate  cancers, 
respectively  (7-5).  However,  these  markers  often  fail  to  discriminate  between  patients  who  will 
have  favorable  and  poor  clinical  outcomes  (1,3, 5-9).  Accordingly,  many  patients  diagnosed  with 
breast  or  prostate  cancer  receive  aggressive  therapies  that  may,  in  fact,  be  unnecessary.  Thus,  it 
is  important  to  develop  new  prognostic  markers  that  more  accurately  predict  disease  recurrence 
and  survival.  Recent  reports  demonstrate  the  feasibility  of  using  microarray  technologies  to 
produce  gene-expression  signatures  of  aggressive  tumors  (10,11).  However,  the  costs  and 
complex  data  output  of  this  technology  presently  precludes  its  use  in  most  clinical  laboratories. 
Alternatively,  we  have  developed  a  simple,  inexpensive  assay  for  telomere  DNA  content  (a 
proxy  for  telomere  length).  Here,  we  show  that  this  assay  can  be  used  to  predict  clinical  outcome 
in  breast  and  prostate  cancer. 

Telomeres  are  specialized  protein-nucleic  acid  structures  located  at  the  ends  of  eucaryotic 
chromosomes  (12).  Shortened  telomeres  are  associated  with  genomic  instability,  including 
dicentric  chromosome  formation,  chromosome  translocation  and  loss  of  heterozygosity  (13-16). 
These  data  demonstrate  that  telomeres  play  a  critical  role  in  protecting  and  stabilizing 
chromosome  ends  (17-19).  Because  of  incomplete  replication  of  DNA  on  the  leading  strand  of 
the  replication  fork,  telomeric  DNA  is  lost  each  time  a  cell  divides.  Thus,  cells  with  a  higher 
proliferative  history,  like  tumor  cells,  typically  have  shorter  telomeres  and  are  more  likely  to  be 
genetically  unstable  (12,20,21).  Therefore,  we  hypothesized  that  the  telomere  DNA  in  a  tumor 
would  presage  a  tumor’s  phenotypic  variability  and,  hence,  metastatic  potential. 

We  have  previously  described  a  slot  blot  assay  for  telomere  DNA  content.  Telomere  DNA 
content  is  directly  proportional  to  telomere  length  measured  by  Southern  blotting,  and  thus 
serves  as  a  proxy  for  telomere  length  (22).  However,  in  contrast  to  Southern  blotting  (23,24),  the 
slot  blot  assay  requires  less  than  100  ng  of  genomic  DNA  and  is  insensitive  to  DNA  breakage, 
making  it  ideal  for  retrospective  studies  of  archival  tissues  (22).  Moreover,  we  have  shown  that 
telomere  DNA  content  measured  in  frozen  tissues  and  formalin-fixed,  paraffin-embedded  tissues 
are  comparable  (22),(2S).  Using  this  assay,  we  previously  reported  that  reduced  telomere  content 
was  associated  with  aneuploidy  and  metastasis  in  breast  cancer  and  with  disease  recurrence  and 
survival  in  an  initial  prostate  cancer  study  (26).  However,  the  composition  and  small  size  of 
each  cohort  limited  the  significance  that  could  be  ascribed  to  these  observations.  To  investigate 
the  prognostic  potential  of  telomere  DNA  content  more  thoroughly,  we  measured  telomere  DNA 
content  in  two  distinct  study  populations  comprised  of  48  women  with  breast  tumors  and  5 1  men 
with  prostate  tumors. 


MATERIALS  AND  METHODS 


Study  Populations  The  New  Mexico  Tumor  Registry  (NMTR)  database  links  anonymous 
patient  histories  to  archival  cancer  specimens  through  pathology  reference  numbers  and  dates  of 
procedures  as  approved  by  the  University  of  New  Mexico  Human  Research  Review  Committee 
in  accordance  with  all  federal  guidelines.  A  retrospective  examination  of  anonymous  records 
from  the  NMTR  database  identified  a  total  of  48  women  diagnosed  with  breast  cancer, 
comprising  two  overlapping  study  groups.  The  first  study  group  was  composed  of  28  women 
diagnosed  with  infiltrating  breast  cancer  prior  to  1994.  Patients  were  carefully  selected  such  that 
their  tumors  possessed  both  positive  and  negative  prognostic  markers,  and  as  such,  their  possible 
outcome  was  ambiguous  at  diagnosis.  Of  the  28  women,  13  either  died  from  or  had  recurrent 
breast  cancer.  Archival  paraffin-embedded  tumor  tissues  were  obtained  for  each  woman. 

An  expanded  breast  study  group  was  composed  of  48  women  diagnosed  with  breast  cancer  prior 
to  1996,  including  the  28  women  in  the  first  group.  No  selection  criteria,  other  than  availability 
of  frozen  or  paraffin-embedded  tissue,  were  applied  to  the  remaining  20  women  in  this  group. 
Patient  histories  were  obtained  for  all  48  women.  Evaluable  data  typically  included  ethnicity,  age 
at  diagnosis,  lymph  node  metastasis,  tumor  size,  tumor  grade  and  duration  of  disease  free 
survival  or  date  and  cause  of  death.  In  approximately  one-third  of  the  tumors,  estrogen  and 
progesterone  receptor  status  was  also  available.  Nearly  all  of  the  women  in  the  study  population 
received  one  of  several  adjuvant  therapies. 

A  prostate  cancer  study  group  was  composed  of  5 1  men  diagnosed  prior  to  1 996.  Of  the  5 1  men, 
21  either  died  from  or  had  recurrent  prostate  cancer.  Typically,  men  were  treated  with 
prostatectomy  and  did  not  receive  additional  treatments  unless  or  until  there  were  signs  of 
disease  recurrence,  such  as  rising  PSA  (prostate  specific  antigen).  Patient  histories  included 
ethnicity,  age  at  diagnosis,  Gleason  score,  lymph  node  and  seminal  vesicle  metastasis,  duration 
of  disease-free  survival,  and  date  and  cause  of  death. 

Histological  Review  Tumor  tissues  were  derived  from  excisional  biopsy  obtained  at  diagnosis, 
partial  or  full  mastectomy  or  prostatectomy.  Both  paraffin-embedded  and  frozen  tumor  tissue 
sections  were  stained  with  hematoxylin  and  eosin  and  were  examined  microscopically  to 
determine  the  fraction  of  normal  and  tumor  cells  within  each  tissue  section.  Paraffin  blocks  and 
frozen  tissue  sections  containing  the  highest  proportion  of  tumor  cells  were  used  for  the  study. 

DNA  Isolation  DNA  was  purified  from  either  paraffin-embedded  or  frozen  archival  tissue. 

DNA  was  extracted  from  twelve,  serial  25  pm-thick  sections  of  paraffin-embedded  tissue  using 
the  Qiamp  Tissue  Kit  (Qiagen,  Valencia  CA)  with  the  following  modifications  to  the 
manufacture’s  protocol.  Tissue  sections  were  deparaffinized  in  octane  and  washed  in  ethanol  as 
described  previously  (Fordyce,  Heaphy  and  Griffith,  in  press).  Frozen  tissues  were  cut  into 
small  pieces  using  a  sterile  scalpel.  DNA  was  extracted  from  frozen  tissue  using  the  Qiagen 
DNAeasy  Kit  following  the  manufacture’s  protocol.  Placenta  and  HeLa  DNA  controls,  with 
terminal  restriction  fragments  (TRF)  lengths  of  10. 1  and  5.4  KB,  were  purified  as  described  (22). 


Quantification  of  DNA  Tumor  DNAs  were  quantitated  with  the  fluorescent  dye,  PicoGreen 
(Molecular  Probes,  Eugene,  OR)  following  the  manufacturer’s  protocol. 

Slot  Blots  Slot  blots  were  prepared  as  described  (Fordyce,  et  al,  in  press).  Briefly,  DNA  was 
denatured,  neutralized,  loaded  and  fixed  to  Tropilon-Plus™  membranes  (Applied  Biosystems, 
Foster  City,  CA).  A  telomere  specific  oligonucleotide  end-labeled  with  fluorescein, 
(5’TTAGGG3’)4-FAM,  was  purchased  from  IDT  (Coralville,  IA).  Following  hybridization,  the 
blots  were  washed  to  remove  non-hybridizing  oligonucleotides.  Telomere-specific 
oligonucleotides  were  detected  by  an  alkaline  phosphatase-conjugated  anti-fluorescein  antibody 
that  produces  light  when  a  substrate,  CDP-Star,  is  incubated  with  the  blot  (Applied  Biosystems, 
Foster  City,  CA).  Blots  were  exposed  to  Hyperfilm  (Amersham  Pharmacia  Biotech, 
Buckinghamshire,  UK)  and  digitized.  The  intensity  of  the  telomere  hybridization  signal  was 
determined  from  the  digitized  images  with  Nucleotech  Gel  Expert  Software  4.0  (Nucleotech,  San 
Mateo,  CA).  Telomere  DNA  content  was  expressed  as  a  percentage  of  the  average 
chemiluminescent  signal  of  three  replicate  tumor  DNAs,  analyzed  in  duplicate  or  triplicate, 
compared  to  the  value  of  the  placental  standard  at  the  same  genomic  DNA  concentration.  (In  15 
of  the  51  prostate  tumors,  telomere  DNA  content  was  measured  using  an  earlier  version  of  this 
assay  (22)). 

Statistical  Analysis  Bias  in  the  data  analyses  was  minimized  by  stratifying  tumors  according  to 
the  median  telomere  DNA  content  of  each  study  group.  Telomere  DNA  content  equal  to  or 
greater  than  the  median  was  considered  “High”  and  less  than  the  median  was  considered  “Low”. 
Patients  were  identified  retrospectively  using  their  date  of  surgical  procedure  as  the  start  date  of 
the  study  and  were  followed  for  84  months  or  until  death.  Except  for  survival  analysis,  which 
was  preformed  with  the  Kaplan-Meier  test,  all  statistical  tests  were  two-sided  Wilcoxon  Rank 
Sums  tests  for  which  the  a  level  was  set  at  0.05.  Jmp  In  software  3.0  (SAS  Institute)  was  used 
for  all  statistical  analysis. 

RESULTS 

Telomere  DNA  Content  and  Breast  Cancer:  DNA  was  purified  and  telomere  DNA  content 
was  analyzed  by  slot-blot  in  a  total  of  48  breast  tumors,  comprising  two  overlapping  breast  study 
groups.  The  first  group  was  composed  of  paraffin-embedded  tumor  specimens  from  28  women. 
Thirteen  of  these  women  developed  recurrent  breast  cancer  (including  12  who  died  from  breast 
cancer)  within  84  months  of  surgery.  The  remaining  1 5  women  were  disease-free  for  at  least  84 
months.  These  tumors  were  selected  so  as  to  have  a  mixture  of  positive  and  negative  prognostic 
markers.  For  example,  tumors  were  typically  estrogen  and  progesterone  receptor  -positive,  but 
also  large  with  nodal  involvement  (Table  1).  Telomere  DNA  content  was  not  associated  with 
ethnicity,  age  at  diagnosis,  tumor  size,  tumor  grade,  nodal  involvement  or  estrogen-  or 
progesterone-receptor  status  (data  not  shown).  However,  as  shown  in  Figure  la,  reduced 
telomere  DNA  content  was  associated  with  patients  who  developed  recurrent  breast  cancer 
within  84  months  of  surgery  (p<0.01).  Moreover,  when  tumors  were  stratified  by  median 
telomere  DNA  content,  Kaplan-Meier  analysis  demonstrated  that  telomere  DNA  content  was 
associated  with  clinical  outcome  (Fig.  lb,  p=0.01).  The  relative  risk  of  breast  cancer  recurrence 
was  nine  times  greater  in  women  whose  tumors  had  telomere  DNA  content  less  than  the  median. 


To  confirm  and  extend  the  observed  relationship  between  telomere  DNA  content  and  clinical 
outcome,  an  additional  20  randomly  selected  patients  were  added  to  the  initial  study  group. 
Seven  of  these  20  women  developed  recurrent  breast  cancer  (including  six  who  died  of  breast 
cancer)  within  84  months  of  surgery.  The  characteristics  of  the  48  tumor  specimens  in  the 
expanded  study  group  are  shown  in  Table  1 .  Consistent  with  our  initial  observation,  telomere 
DNA  content  also  predicted  clinical  outcome  in  the  expanded  group  of  patients  (Fig.  2,  p-0.03). 

Telomere  DNA  Content  and  Prostate  Cancer:  Using  a  carefully  matched,  limited  prostate 
cancer  study  group  (analogous  to  the  initial  breast  cancer  study  group)  we  previously 
demonstrated  that  reduced  telomere  DNA  content  was  also  associated  with  disease  recurrence 
and  death  (26).  This  result,  in  combination  with  investigations  of  breast  cancer  described  above, 
implies  that  telomere  DNA  content  has  prognostic  significance  in  cancers  with  both  a  variety  of 
markers  and  different  tissues  of  origin.  To  evaluate  this  possibility,  telomere  DNA  content  was 
analyzed  in  paraffin-embedded  prostate  tumors  from  5 1  randomly  selected  men.  Twenty-one  of 
these  men  developed  recurrent  prostate  cancer  (including  13  who  died  from  prostate  cancer) 
within  84  months  of  surgery.  The  remaining  30  men  remained  disease-free  for  at  least  84 
months.  The  characteristics  of  the  prostate  study  group  are  summarized  in  Table  2.  Similarly, 
there  was  no  association  between  telomere  DNA  content  and  ethnicity,  age  at  diagnosis,  Gleason 
sum  score  or  lymph  node  or  seminal  vesicle  status  (data  not  shown).  However,  as  shown  in 
Figure  3  a,  reduced  telomere  DNA  content  was  again  associated  with  patients  who  either  died 
from,  or  developed  recurrent  cancer  within  84  months  of  surgery  (p=0.01).  Moreover,  when 
tumors  were  stratified  by  median  telomere  DNA  content,  Kaplan-Meier  analysis  demonstrated 
yet  again,  that  telomere  DNA  content  was  associated  with  clinical  outcome  (Fig.  3b,  p=0.04). 

DISCUSSION 

Currently  available  prognostic  markers  often  fail  to  accurately  identify  patients  with  the  potential 
for  lethal,  metastatic  tumors.  Accordingly,  cancer  patients  often  receive  empiric,  aggressive 
therapies  that,  in  fact,  may  not  be  necessary.  Thus,  there  is  a  pressing  need  to  identify  more 
informative  prognostic  markers.  To  that  end,  we  have  evaluated  the  hypothesis  that  tumors  with 
the  shortest  telomeres  have  the  most  aggressive  phenotypes,  which  is  suggested  by  our  previous 
studies  (13,25-28).  This  hypothesis  is  based  on  the  fact  that  critically  shortened  telomeres  are 
associated  with  genomic  instability  (13,14,27),  and  the  assumption  that  genotypic  instability 
results  in  phenotypic  variability. 

Although  telomere  loss  has  been  associated  with  disease  progression  in  a  number  of  cancers, 
there  have  been  few  investigations  of  telomeres  and  clinical  outcome(29-32).  In  1998,  Bechter 
and  coworkers  demonstrated  that  reduced  telomeres  were  associated  with  decreased  survival  in 
patients  with  B  cell  chronic  lymphocytic  leukemia  (33).  Similarly,  we  showed  that  telomere  loss 
was  associated  with  reduced  survival  and  increased  disease  recurrence  in  a  preliminary 
investigation  of  prostate  cancer  (26).  While  these  investigations  are  provocative,  they  either 
lacked  sufficient  sample  size  or  a  direct  association  with  patient  outcome. 

The  current  investigation  was  designed  to  explore  the  hypothesized  relationship  between 
telomere  DNA  content  and  clinical  outcome  in  breast  and  prostate  cancer,  diseases  in  which  it  is 
often  difficult  to  predict  disease  recurrence.  Here  we  show,  in  two  independent  studies,  that 


telomere  DNA  content  is  associated  with  clinical  outcome.  Our  investigation  of  telomere  DNA 
content  in  breast  cancer  included  two  overlapping  study  groups.  The  initial  group  was  carefully 
selected  to  contain  women  whose  tumor  markers  made  it  difficult  to  differentiate  between 
patients  with  aggressive,  lethal  tumors  and  those  with  less  aggressive  disease,  i.e.  the  women 
with  the  most  problematic  prognoses.  In  this  group,  telomere  DNA  content  predicted  death  from 
breast  cancer  or  disease  recurrence  (p=0.01).  To  ensure  that  this  result  was  not  an  artifact  of  the 
study  population,  the  analysis  was  repeated  on  an  overlapping,  less  homogeneous  group.  This 
group,  which  was  nearly  double  the  size  of  the  initial  population,  was  formed  by  the  addition  of 
randomly  selected  patients.  In  the  expanded  study  group,  telomere  DNA  content  also  predicted 
death  from  breast  cancer  or  disease  recurrence  (p=0.03). 

In  a  second,  independent  study  we  examined  the  relationship  between  telomere  DNA  content  and 
outcome  in  prostate  cancer.  This  study  was  undertaken  in  part  to  confirm  and  extend  our 
previously  reported  findings  that  reduced  telomere  DNA  content  was  associated  with  death  and 
disease  recurrence  in  a  limited  prostate  study  group  (26).  In  contrast  to  the  initial  prostate  study, 
no  selection  criteria  were  applied  to  the  patients.  Once  again,  reduced  telomere  DNA  content 
predicted  death  from  prostate  cancer  or  disease  recurrence  (p=0.04). 

Telomere  DNA  content  was  not  associated  with  patients’  ethnicity,  age  at  diagnosis,  tumor  size 
or  nodal  involvement  in  either  breast  or  prostate  cancer,  nor  with  estrogen-  nor  progesterone- 
receptor  status  in  breast  cancer,  nor  Gleason  sum  score  nor  seminal  vesicle  status  in  prostate 
cancer.  Thus,  telomere  DNA  content  is  independent  of  these  existing,  prognostic  tumor  markers. 
Collectively,  these  data  provide  strong  support  for  the  hypothesis  that  telomere  DNA  content  is 
an  informative,  independent  and  novel  prognostic  marker  for  breast  and  prostate  cancer. 

Several  characteristics  of  the  telomere  DNA  content  assay  make  it  well-suited  for  clinical  use:  it 
requires  very  small  quantities  of  DNA  that  can  be  isolated  from  fresh,  frozen  or  paraffin- 
embedded  tissue;  the  results  are  not  affected  by  DNA  fragmentation,  and  the  data-analysis  is 
straight  forward.  Importantly,  while  breast  and  prostate  tumors  are  typically  heterogeneous, 
telomere  DNA  content  was  independent  of  the  fraction  of  normal  cells  within  the  tumor.  For 
instance  patient  6382  had  a  good  outcome  and  high  telomere  DNA  content,  although  the  tumor 
contained  10%  normal  cells.  The  tumor  from  patient  640  also  contained  10%  normal  cells 
however;  this  patient  had  a  poor  outcome  and  low  telomere  DNA  content.  Since  our  analyses 
were  based  on  the  median  telomere  DNA  content,  additional  studies  will  be  necessary  to 
establish  the  telomere  DNA  contents  that  predict  favorable  and  poor  outcomes.  Finally, 
prospective  investigations  are  necessary  to  confirm  the  prognostic  import  of  telomere  DNA 
content  in  these  and,  potentially,  other  cancers. 


Table  1:  Summary  of  Breast  Study  Group 
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Characteristics  of  the  prostate  study  group  are  shown.  1).  Patients’  ethnicities  were  self-reported  and  classified  as  Anglo  (A),  Hispanic 
(H),  or  Other  (O).  2).  Median  age.  3).  Range  of  age  of  diagnoses.  4).  Tumors’  lymph  node,  seminal  vesicle  status.  5).  Median 
Gleason  sum  score  6).  Range  Gleason  sum  score. 
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FIGURE  LEGENDS 

Figure  1:  Telomere  DNA  Content  in  the  Initial  Breast  Cancer  Study 

A.  Breast  tumors  were  divided  into  two  groups,  recurrent  and  disease-free,  based  on  patient 
outcome  84  months  after  surgery.  P  value  (<0.01 )  was  calculated  by  Wilcoxon-Rank  Sums 
analysis.  Box  plots  show  patients  outcome  on  the  X-axis  and  telomere  DNA  content,  as  a 
fraction  of  the  placental  control,  on  the  y-axis. 

B.  Breast  tumors  were  divided  into  groups,  high  and  low,  based  on  median  telomere  DNA 
contents  (TC).  TC  greater  than  or  equal  to  the  median  is  defined  as  High  TC  and  TC  less  than 
the  median  is  defined  as  Low  TC.  P  value  (0.01)  was  calculated  by  Kaplan-Meier  analysis. 

Plots  show  months  of  disease-free  survival  up  to  84  months  on  the  X-axis  and  surviving  fraction 
on  the  y-axis. 


Figure  2:  Telomere  DNA  Content  in  the  Extended  Breast  Cancer  Study 

The  48  human  breast  tumors  were  divided  into  two  groups  and  analyzed  as  described  in  Figure  1 
(p  =0.03). 

Figure  3.  Telomere  DNA  Content  in  the  Prostate  Cancer  Study 

A.  Prostate  tumors  were  divided  into  two  groups,  recurrent  and  disease-free,  as  described  in 
Figure  1  (p=0.01). 


B.  Prostate  tumors  were  divided  into  two  groups  and  analyzed  as  described  in  Figure  1  (p  =0.04). 


Figure  1 :  Telomere  DNA  Content  Predicts  Disease  Recurrence  and  Clinical  Outcome 
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Figure  2:  Telomere  DNA  Content  Predicts  Clinical  Outcome  in  an  Extended  Breast  Cancer 
Study  Group 
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Figure  3:  Telomere  DNA  Content  Predicts  Recurrence  and  Clinical  Outcome  in  Prostate  Cancer 
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